Introduction
Slowing of the flow of blood in the legs has been held to be a cause of deep vein thrombosis ever since Virchow (1856) described his triad of factors causing thrombosis. Clark and Cotton (1968) showed that a dramatic fall in venous flow occurs during the induction of anaesthesia and during the course of an operation. We have found that passive exercise of the leg during surgery increased the mean femoral arterial flow as well as the pulsatility of the femoral venous flow .
The discovery of the I25I-fibrinogen test for venous thrombosis by Atkins and Hawkins (1965) provided a precise test by which methods of prophylaxis may be assessed. Flanc et al. (1968) , using this test, showed that over 350' of surgical patients aged 40 or more years develop post-operative thombosis, but in only half does it become obvious clinically.
Eighty per cent. of the cases of postoperative thrombosis occur during the first three days and the remaining 20"0 between the fourth and sixth days (Browse and Negus, 1970) . Postoperative thrombosis seems to be a biphasic phenomenon, the first phase being initiated by venous stasis during the operation and soon after it, the second phase being initiated by platelet adhesiveness which has been shown to reach a maximum on the third day (Dhall et al., 1968) .
It is these early thromboses that might be prevented by passive exercise of the legs during operation. Accordingly, we have designed a clinical trial to evaluate the effect of passive exercise of the leg during surgery on the incidence of thrombosis as detected by the "25I-fibrinogen test.
Patients and Method
Patients of both sexes aged 40 and over who were undergoing surgical operations lasting more than 30 minutes were randomly selected and asked for their co-operation and written consent. Those who had clinical signs of recent thrombosis or who were having leg, thyroid, or vascular surgery were excluded.
The '2511-fibrinogen was prepared by the method described by Flanc et al. (1968) . The thyroid was blocked with 100 mg of sodium iodide given orally 24 hours before operation and continued daily for four weeks afterwards. An injection of 100 tsCi of 125I-fibrinogen was given into an arm vein, and the radioactivity was measured over the legs half an hour later. The counting equipment used was the Pitman model 235 isotope localization monitor (Kakkar et al., 1970) , and the legs were scanned according to the method of Flanc et al. (1968) . Scanning of the legs began two hours before surgery and was repeated 10 minutes after surgery and each day for three days. The diagnosis of venous thrombosis was made when the postoperative count of radioactivity at any site differed by at least 1500 from (1) the preoperative value, (2) an adjacent measurement point on the same leg, or (3) the same point on the other leg. The diagnosis of thrombosis was confirmed when this difference persisted for more than 24 hours.
Each patient provided his own control-one leg being passively exercised while the other was untouched. The leg to be exercised was previously determined by drawing a card from a pack. This providet a random selection of the experimental and control legs and ensured a similar number of right and left legs. The diathermy plate was attached to either leg in a completely random fashion.
The foot mover used to produce continuous per-operative dorsiplantar flexion of the foot has been described elsewhere . The foot mover was set to produce dorsiplantar flexion of one leg at a rate of 50 cycles per minute and with an amplitude of ±20' about the vertical.
Statistical Design of the Trial
The incidence of postoperative thrombosis in patients aged 40 or more is 20-300' (Negus et al., 1969; Kakkar et al., 1970) . Thus a restricted sequential analysis with 2x = 0 05, 1 -0-95, 01 = 0-85 was designed which gives a probability of 5°'%. The trial was concluded when the sequentially plotted results passed beyond the chosen upper boundary. Only cases of unilateral thrombosis were used in the sequential analysis, bilateral thrombosis of both the experimental and control legs being excluded.
Results
Forty-seven patients were required to reach the line of 500 significance on the sequential analysis (see Chart). The age of the patients ranged from 40 to 84 years, with a mean of 61-7 years for those who developed thrombosis. Thrombosis in the control (unpedalled) leg alone was found in 11 cases and in the pedalled (experimental) leg alone in one case. There were also two bilateral cases. Sequential analysis used in this trial. The line of significance corresponds to a probability level of 5%.
series of 47 patients was 29-8%. The duration of operation ranged from 30 to 200 minutes, with an average of 62 minutes for those who did not develop thrombosis, and 66 minutes for those who did. All patients were seen by the hospital physiotherapists and had routine leg and breathing exercises.
The total incidence of thrombosis in the pedalled (experimental) leg was 3 (6.4%o) and in the control legs 13 (2760). Therefore per-operative passive dorsiplantar flexion of the foot results in a reduction of 21.2% (absolute) or 77% (relative) in the incidence (per leg) of thrombosis. The one thrombosis which appeared in the pedalled leg alone did so on the third postoperative day. Those which appeared in the unpedalled leg were two in the immediate postoperative period, two on the first day, three on the second day, and four on the third day. The two bilateral cases appeared on the third day.
Discussion
The coexistence of thrombosis and stasis in the soleal sinuses of surgical patients (Gibbs, 1957; Roberts, 1963; Cotton and Clark, 1965) led to the assumption that stasis and/or the associating diminution of pulsatility of venous flow may be an initiating factor for the subsequent thrombosis. Accordingly it was suggested that exercise of the calf muscles was necessary to eliminate the stasis in the soleal sinuses (Gibbs, 1959 ). An ergometer which was intended to act as a postoperative foot exerciser was designed by Gibbs (1959) . The diminution of both the mean value and the pulsatility of venous flow in the per-operative period (Clark and Cotton, 1968) seems to initiate the formation of thrombosis while the operation is still in progress (Flanc et al., 1968) or shortly afterwards. In the series reported by Browse and Negus (1970) 80% of the cases were detected in the first three postoperative days, whereas the other 20%/ occurred during the fourth to sixth days. Most of the cases of thrombosis which are initiated by venous stasis in the per-operative or postoperative period are expected to appear by the third day, by which time most surgical patients will be ambulant. Venous thrombosis which appears after the third day may well be initiated by increased platelet adhesiveness, which Dhall et al. (1968) showed reached its maximum on the third postoperative day.
In order to assess the efficacy of per-operative pedalling of the foot with the foot mover, it was felt that scanning of the legs in the immediate postoperative period followed thereafter for three days was necessary. Such passive dorsiplantar flexion of the leg can result in an increase of up to 60% in the femoral arterial and venous blood flow (see above) as well as a tenfold increase in the pulsatility of venous flow . It therefore seems that the resultant per-operative haemodynamic changes can reduce the incidence of early postoperative venous thrombosis.
The precise mechanism by which this is achieved remains unknown, and further work, to investigate whether it is the increase in the mean level or the pulsatility of venous flow that is of prime importance, is in progress.
We 
